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Syntabulin Syntabulin Neuronal axons extend from the cell body over distances ranging from ~100 µm to >1 m. Accordingly, neurons rely on robust intracellular transport of organelles, proteins, mRNA, and signaling molecules. Newly synthesized lipids and proteins are directed to distinct sites along the length of the axon and to the terminus, whereas degradative organelles and signaling complexes move toward the soma. In neurons, kinesin and dynein drive long-range transport along the microtubule cytoskeleton. Axonal microtubules are uniformly polarized such that microtubule plus ends extend distally, in contrast to the mixed polarity microtubule network in dendrites. Members of the kinesin superfamily of motor proteins transport cargos toward microtubule plus ends, whereas cytoplasmic dynein drives transport toward microtubule minus ends. Consistent with an essential role for axonal transport in the neuron, defects in kinesin, dynein, or the microtubule cytoskeleton cause neurodegenerative disease in humans and mouse models. Further, defects in axonal transport have been found in models of many degenerative diseases, including amyotrophic lateral sclerosis and Alzheimer's and Huntington's diseases, indicating that inhibition of this pathway may be a common aspect of neurodegeneration. Thus, a thorough mechanistic analysis of axonal transport is required to better understand neurodegenerative disease. In addition, the polarized microtubule cytoskeleton and long length scales make transport along the axon a useful model system for studying fundamental aspects of microtubule-based transport.
M I C R O T U B U L E M I C R O T U B U L

Cytoskeleton
Cargos that are newly synthesized in the soma are targeted distinctly to either the axonal or somato-dendritic compartments. The axon initial segment has been shown to act as a selective filter for axonal transport, which may contribute to preferential trafficking of axonally restricted cargos. However, the polarity of the microtubule cytoskeleton is also likely to be a major factor in this sorting. The unipolar nature of microtubules in axons prevents dynein from driving transport into this cellular compartment but permits dyneindriven transport into dendrites. In addition, microtubule organization and posttranslational modifications of tubulin also contribute to sorting mechanisms, as different motor proteins demonstrate inherent preferences for microtubule subpopulations.
Motor Proteins
Many intracellular cargos are transported bidirectionally by small teams (1-10) of kinesin and dynein motors. Although many cargos have opposite polarity motors bound, the motility of these organelles can vary greatly. For example, late endosomes and lysosomes exhibit bidirectional motility, characterized by frequent directional switching and pausing. In contrast, autophagosomes also have both kinesin and dynein bound yet move predominantly in the retrograde direction with few directional switches, suggesting that the activity of bound kinesin motors is tightly regulated. Other cargos, such as mitochondria and neurofilaments, exhibit long pauses interspersed with short bursts of motility.
The diverse motility characteristics of various cargos can be partially explained by the biophysical properties of the motor proteins that drive their transport. For example, kinesin-1 and kinesin-2 produce similar forces, but kinesin-2 is less processive, particularly under load. Accordingly, late endosomes that are driven primarily by kinesin-2 and dynein exhibit more bidirectional motility than early endosomes, which are transported primarily by kinesin-1 and dynein.
Adaptors and Scaffolding Molecules
An additional level of regulation for transport specificity and selectivity occurs through the use of adaptor proteins or scaffolds to couple motor proteins to their cargo, and multiple specific linkage mechanisms have now been identified. Indeed, mitochondria utilize several adaptors to recruit and regulate kinesin. Many of these motor-adaptor complexes are regulated by the GTPase action of Rab proteins, as well as phosphorylation and calcium binding. Not only do these interactions have the ability to target motors to specific organelles, they may also serve to regulate the activity of the motors in response to signaling cascades such as response to axonal injury.
Key Questions in Axonal Transport
Though much progress has been made in characterizing the motility of cargos in the axon and the motor proteins driving transport, many questions remain. (1) Bidirectional transport is driven by teams of opposite polarity motors. How do motor proteins function collectively? What regulatory mechanisms exist to bias bidirectional transport between primarily anterograde, retrograde, or bidirectional motility? (2) For mitochondria, a specialized set of adaptors modulate kinesin activity. Do similar adaptors exist for other cargos? (3) Neurons receive an extensive array of intercellular signals that regulate their activity. What is the role of signaling cascades in specifically regulating trafficking events? (4) Dynein's binding partners dynactin, NudE(L), and LIS1 have been shown to modify processivity and force production. How do motor binding partners regulate motor function during axonal transport? (5) How do microtubule-associated proteins (MAPs) and cytoskeletal posttranslational modifications modulate motility? For instance, the MAP tau has been shown to inhibit kinesin-1 more strongly than dynein. (6) Although many protein complexes have been identified that link kinesin motors to membranous organelles (e.g., Miro and the TRAKs) or enhance their processivity (e.g., liprin-α), very few dynein-specific binding scaffolds have been found to date. Does dynein require similar targeting mechanisms to those seen for kinesin motors?
